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Background and Purpose Treatment with atorvastatin (80 mg) in stroke secondary preven- 
tion for patients with prior intracranial hemorrhage (ICH) has been associated with a higher fre- 
quency of ICH. The aim of this study was to determine whether 20 mg/day atorvastatin is linked 
to stroke recurrence in Chinese ischemic stroke patients with prior ICH. 

Methods A single-center retrospective cohort study was conducted, involving 354 cases from 
395 Chinese in-patients who had ischemic stroke with prior ICH history in Beijing Chaoyang 
hospital from May 1, 2005 to October 31, 2010. Survivors were followed by telephone inter- 
views for 12-60 months. Cox regression and Kaplan-Meier plot analysis were used to evaluate 
the effect of 20 mg/day atorvastatin on cerebral infarction and ICH recurrence. 

Results The overall rate of stroke recurrence was lower in the 20 mg/day atorvastatin group 
(% 2 =6.687, jt»=0.022) than in the control group. The incidence of cerebral hemorrhage was in- 
creased by 20 mg/day atorvastatin for ischemic stroke cases with a history of ICH compared to 
those not receiving the drug, but the difference was not significant [hazard ratio (HR)= 1.097, 
95% confidence interval (CI)=0. 800-1. 243, />=0.980]. The incidence of ischemic stroke recur- 
rence was significantly reduced in subjects receiving atorvastatin (HR=0.723, 95% CI=0.578- 
0.862, p=0.028), and the mean duration of all stroke recurrences was significantly prolonged, 
compared with those not exposed to the drug (X 2 =5.351,/>=0.021). The mean duration of ICH re- 
currence appeared to have shortened with atorvastatin, but the difference was not significant (% 2 = 
0.680, p=0.480), and the mean duration of cerebral infarction recurrence was significantly pro- 
longed (X 2 =8.312,p=0.004). 

Conclusions Medication with 20 mg/day atorvastatin may be beneficial in reducing ischemic 
stroke recurrence in ischemic stroke patients with a history of ICH and is not associated with an 
increased risk of ICH recurrence. J Clin Neurol 2013;9:139-143 
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Introduction 

The Stroke Prevention by Aggressive Reduction in Choles- 
terol Levels (SPARCL) trial' found that stroke outcome was 
affected in patients randomized to receive atorvastatin (80 
mg), and that increasing incidences of intracranial hemor- 
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rhage (ICH) were attributable mainly to the patients' history 
of ICH, which resulted in some of the patients refusing statin 
therapy. The possibility that a lower dose of atorvastatin (20 
mg/day) reduces the likelihood of cerebral infarction recur- 
rence, and thus alleviates the fear of ICH recurrence among 
Chinese patients with ischemic stroke and a history of ICH, 
has yet to be examined. We investigated two hypotheses: 1) 
patients with ischemic stroke and a history of ICH taking 20 
mg/day atorvastatin are less likely to suffer a recurrence of 
ischemic stroke, 2) and the rate of ICH recurrence does not 
differ between patients who do and do not take atorvastatin. 
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Methods 

Patient selection and follow-up 

The hospital records of 395 Chinese ischemic stroke patients 
with a history of ICH at Beijing Chaoyang hospital between 
May 1, 2005 and October 31, 2010 were studied. The clinical 
condition (pertaining to stroke and ICH) of all of the subjects 
was validated by cranial computed tomography (CT) or mag- 
netic resonance imaging (MRI). The hospital's institutional re- 
view board approved the study and all subjects gave their in- 
formed consent to participate. All of the patients were follow- 
ed up for a mean period of 38 months. They were aged bet- 
ween 41 and 80 years, had been diagnosed with ischemic st- 
roke, and had a history of ICH. Patients with hemorrhage 
attributable to trauma, tumor, aneurysm, vascular malforma- 
tion, or hemorrhagic conversion of arterial or venous infarc- 
tion were excluded. Of the 395 patients, 41 cases were found 
to be ineligible for the study: 15 cases had cerebral hemorrh- 
age secondary to cerebral vascular malformations and aneu- 
rysms, 7 cases had ischemic stroke secondary to hereditary 
diseases and vascular malformations, and 19 cases denied ac- 
cess to their clinical details. Ultimately, 354 patients or care- 
givers were interviewed by telephone, of whom 13 were lost 
to follow-up due to death (6 due to ischemic stroke recurr- 
ence, 2 due to hemorrhagic stroke recurrence, and 5 due to 
other diseases). The author performed the data collection dur- 
ing the follow-up period. 

Data collection 

The following data were collected: blood pressure, heart rate 
and rhythm, body temperature, serum glucose level, brain im- 
aging characteristics, and details of other accompanying risk 
factors [hypertension, diabetes, smoking, myocardial infarc- 
tion (MI) and carotid angioplasty, atrial fibrillation (AF) and 
coronary heart disease, history of smoking and alcohol intake, 
management of the risk factors, family history, and locations 
of previous ICH(s)]. All of the following characteristics were 
also recorded: medication use (including atorvastatin use), du- 
ration of 20 mg/day atorvastatin administration (some of the 
patients refused to take it, mostly because they were concern- 
ed about the possibility of an increased risk of ICH recurr- 
ence), recurrent stroke, death, and readmission. Recurrent ICH 
and cerebral infarction were confirmed by cranial CT or MRI. 
ICH could be divided into lobar hemorrhage and infralobar 
hemorrhage by location based on the initial imaging reports: 
lobar hemorrhage included hemorrhage of the cerebral lobes 
and white matter below the lobes, while infralobar hemor- 
rhage included hemorrhage of the basal ganglia, brainstem, 
and cerebellum. 2 



Statistical analysis 

All statistical analyses were performed using SPSS version 
17.0 (SPSS, Chicago, IL, USA). The level of statistical signi- 
ficance in the final model was set at p<0.05. Pearson's chi-squ- 
are two-tailed test was performed to analyze the general cate- 
gorical variables, while the unpaired f-test was applied to an- 
alyze continuous variables. We used Kaplan-Meier plots with 
significance testing by the log-rank test to determine univari- 
ate predictors of exposure to 20 mg/day atorvastatin and st- 
roke recurrence. The independent contribution of each risk fac- 
tor to ischemic stroke outcomes was estimated using a Cox 
proportional-hazards regression model. The forward LR meth- 
od was applied. Clinical covariates with a univariate proba- 
bility value of 0.05 were entered into the Cox proportional- 
hazards regression model to adjust for potential confounders. 

Results 

Overall, 161 patients received 20 mg/day atorvastatin. Recur- 
rent stroke occurred during a median follow-up period of 38 
months in 47 of the subjects taking atorvastatin (23 for recur- 
rent ICH) and 88 of the control group (29 for recurrent ICH). 
Sixty-nine subjects were treated with 20 mg/day atorvastatin 
without delay after ischemic stroke, and the remaining 92 be- 
gan taking 20 mg/day atorvastatin at a later date (at a median 
of 1 .6 months after the ischemic stroke). The baseline data of 
the two groups are presented in Table 1. 

At the endpoint, stroke recurrence was less prevalent in the 
20 mg/day statin group than in the control group (x 2 =6.687,/?= 
0.022) (Table 2). Although the incidence of cerebral hemor- 
rhage was slightly increased with 20 mg/day atorvastatin ther- 
apy for the secondary prevention of ischemic stroke in patients 
with a history of ICH, the difference was not statistically sig- 
nificant [hazard ratio (HR)=1.097, 95% confidence interval 
(CI)=0.800-1.243,/?=0.980J. Poorly controlled high blood 
pressure and lobar hemorrhage were risk factors for ICH re- 
currence (Table 3). The incidence of ischemic stroke recurr- 
ence was significantly reduced with the use of 20 mg/day 
atorvastatin (HR=0.723, 95% CI=0.678-0.862,/?=0.028). 

The mean durations of all stroke recurrences for ischemic 
stroke patients with a history of ICH were 19.8 and 15.5 
months for those treated and not treated with atorvastatin, re- 
spectively (X 2 =5.351,p=0.021), as shown in Fig. 1. The mean 
durations of cerebral infarction recurrence were 21.4 and 14.7 
months with and without atorvastatin, respectively (X 2 =8.312, 
/7=0.004), as shown in Fig. 2. Five out of the ten patients who 
died of cerebral infarction recurrence had received 20 mg/day 
atorvastatin (Table 2), but there was no significant difference in 
mortality between the with- and without-atorvastatin groups 
(X 2 =0.208, p=0.649). The mean durations of cerebral hemor- 



140 J Clin Neurol 2013;9:139-143 



Jia W and Zhou L 

Table 1. Characteristics of the ischemic stroke patients with intracranial hemorrhage history treated (n=161) and not treated (n=193) with 
atorvastatin 



Baseline characteristic 


Atorvastatin, n (%) 


Atorvastatin free, n (%) 


f/X 2 




Sex, male 


95 (59) 


1 1 7 (61 ) 


0.095 


0.757 


Age (mean+SD, years) 


64.34± 12.00 


62.43112.83 


1 .438 


0.151 


Hypertension 


109 (68) 


137 (71) 


1.70 


0.427 


L/IUUCICj I I ICIII I 


83 (52) 


94 (48) 


1 .972 


0.578 


Myocardial infarction 


46 (29) 


48 (24) 


0.077 


0.782 


Coronary artery disease 


81 (50) 


93 (48) 


0.158 


0.691 


Atrial fibrillation 


27 (12) 


27(14) 


1.665 


0.087 


History of smoking 


73 (45) 


80 (41) 


0.541 


0.462 


History of alcohol 


66 (40) 


69 (36) 


1.029 


0.312 


Lobe hemorrhage 


14 (9) 


21 (11) 


2.165 


0.086 


Bayaspirin (100 mg) 


60 (37) 


61 (32) 


3.974 


0.059 



Table 2. Investigation of stroke recurrence with and without 20 mg/day atorvastatin 



Stroke recurrence 
Due to ICH 

Due to Ischemic stroke 
Death 
Due to ICH 

Due to ischemic stroke 



With atorvastatin (n=161) 
47 
23 
24 
1 1 
6 



Without atorvastatin (n=193) 
88 
29 
59 
10 

5 

5 



X z 
6.687 
0.038 
1 1 .998 
0.680 



P 
0.022 
0.845 
0.001 
0.4101 



ICH: intracranial hemorrhage. 



Table 3. Analysis of the factors influencing cerebral hemorrhage 
recurrence in ischemic stroke patients with a history of ICH 



Variable 


HR (95% CI) 


P 


Hypertension 


1.791 (1.185-2.708) 


0.038 


Lobe hemorrhage 


5.476 (3.068-9.771) 


0.002 


CI: confidence interval, 


HR: hazard ratio, ICH: 


intracranial hem- 



orrhage. 

rhage recurrence were 16.6 and 17.5 months among those re- 
ceiving and not receiving atorvastatin, respectively. Although 
the duration of ICH recurrence appeared to have been re- 
duced by 20 mg/day atorvastatin therapy (Fig. 3), the differ- 
ence was not statistically significant (X 2 =0.680,/?=0.480). Six 
of the 1 1 patients who died of cerebral hemorrhage recurr- 
ence had been treated with 20 mg/day atorvastatin (Table 2); 
the mortality rate did not differ significantly between the two 
groups (X 2 =0.680,jc-=0.410). 



Survival functions 




Discussion 



20 30 40 

Stroke interval time (month) 

Fig. 1. Relationship between stroke recurrence and exposure to 
20 mg/day atorvastatin in ischemic stroke patients with a history 
of intracranial hemorrhage (log-rank test; z 2 =5.351 , p=0.021 ). 



A randomized trial in persons with stroke showed that 80 mg 
of atorvastatin per day dramatically reduced stroke recurr- 
ence while simultaneously increasing the risk of ICH, 1 espe- 
cially in those with a history of ICH. However, the use of 20 
mg/day atorvastatin to prevent secondary stroke in Chinese 
ischemic stroke patients with a history of ICH history yielded 
a trend favoring a reduction in stroke recurrence. Experts in 



Japan 3 found that this dose of statins reduced the risk of cor- 
onary heart disease in Japan to the same degree as higher dos- 
es did in both Europe and the USA. This difference may be 
attributable to race and dietary habits. 

The findings of the present study suggest that lobar hemor- 
rhage recurrence was more common than recurrent infralobar 
hemorrhage. The reason for this is unclear, but a possible ex- 
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Survival functions 




10 20 30 40 

Ischemic stroke interval time (month) 



Fig. 2. Relationship between ischemic stroke recurrence and expo- 
sure to 20 mg/day atorvastatin in ischemic stroke patients with a 
history of intracranial hemorrhage (log-rank test; X 2 =8.312, p=0.004). 



Survival functions 




20 40 

ICH interval time (month) 

Fig. 3. Relationship between ICH recurrence and exposure to 20 
mg/day atorvastatin in ischemic stroke patients with a history of 
lobar hemorrhage (log-rank test; x 2 =0.680, p=0.480). ICH: intracra- 
nial hemorrhage. 

planation is different pathogeneses of lobar and infralobar ce- 
rebral hemorrhage. It was demonstrated in neuropathology 
studies that lobar cerebral hemorrhage was closely related to 
amyloid vascular degeneration. 4 " 7 The data revealed that pa- 
tients with a history of MI and AF were more likely to take the 
daily 20 mg dose of atorvastatin agents than were other pati- 
ents. This may be because their cardiologists paid more at- 
tention to the incidence of ischemia recurrence after stenting, 
despite the higher rates of ICH recurrence with statin agents. 8,9 
This could also explain the trend toward a reduction in recur- 
rent cerebral infarction in patients with MI and AF, which 
may be related to the administration of 20 mg/day statins. 



Observational clinical studies also provide data reflecting 
the potential impact of statins on ischemic stroke recurrence, 
although the results have been inconsistent. Most of these 
studies found that statins taken before the index stroke had 
no clear impact on ICH stroke recurrence. 10 " 12 One study found 
that statins were associated with a lower rate of recurrent st- 
roke in White but not Black patients, 13 demonstrating that their 
effects vary with race. However, few studies have assessed 
Chinese populations, and the type and dose of statins admin- 
istered varied between them. All of our patients took 20 mg/ 
day atorvastatin, and a significant effect of this treatment on st- 
roke recurrence was observed, although this study was con- 
strained by its retrospective design. 

The aim of this analysis was primarily to assess the poten- 
tial protective effect of 20 mg/day atorvastatin therapy against 
the recurrence of ischemic events and hemorrhagic stroke. It 
was previously shown that prior statin use was associated with 
a higher risk of ICH recurrence in a series of patients with 
nontraumatic intracerebral hemorrhage. 14 Analysis of SPAR- 
CL data revealed that statin treatment was associated with an 
increased risk of hemorrhagic stroke in subjects with prior 
stroke that was independent of other factors. 115 Although li- 
mited by the small cohort the received 20 mg/day atorvasta- 
tin, a retrospective analysis of 629 consecutive patients from 
a single-center longitudinal cohort study of primary intrace- 
rebral hemorrhage found no effect of prior statin use on ICH 
recurrence. 16 We also found that the overall benefit of atorv- 
astatin on all stroke recurrence rates was maintained if the 
analysis was carried out for all events. 

As we noted, statin treatment reduced the recurrence of is- 
chemic stroke. To control for the possibility of confounding by 
indication, we also used a Cox regression model to adjust for 
other characteristics associated with exposure to 20 mg/day at- 
orvastatin for ischemic stroke recurrence. The effect is likely 
to be associated with its potent lipid-lowering properties. In 
addition, statin up-regulates the synthesis of endothelial nitric 
oxide, thereby increasing cerebral blood flow, 17 " 20 and users 
of statins have more extensive arterial collaterals than nonus- 
ers. 2 ' More extensive arterial collaterals might also be benefi- 
cial in reducing ischemic stroke recurrence. 

The present retrospective study had some potential limita- 
tions. The study population was small and selection bias was 
inevitable, in common with previous studies of patients with 
ICH. 7 For example, physicians might avoid the use of statins 
in subjects perceived to be at higher risk of recurrence, which 
could lead to an underestimation of the risk associated with 
these agents. Furthermore, some of the patients refused con- 
sent to participate during the follow-up period. However, the 
baseline characteristics of these data were consistent with 
those of a randomized control group. 2 Therefore, the probabi- 
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lity of selection bias was minimal. 

Our results have potential implications for the treatment of 
ICH survivors who are also at risk of recurrent ischemic dis- 
eases. They suggest that 20 mg/day atorvastatin can be used 
in ICH survivors without substantially increasing the risk of 
recurrent ICH. However, its use at this dose for the second- 
ary prevention of patients with ICH history needs to be veri- 
fied by further prospective randomized double -blind con- 
trolled trials. 

Conflicts of Interest 

The authors have no financial conflicts of interest. 

Acknowledgements 

This study was supported by funding from Wu Jieping Medical Founda- 
tion Special Assistance Fund to Clinical Research. 

REFERENCES 

1 . Amarenco P, Bogousslavsky J, Callahan A 3rd, Goldstein LB, He- 
nnerici M, Rudolph AE, et al. High-dose atorvastatin after stroke or 
transient ischemic attack. N Engl J Med 2006;355:549-559. 

2. Morgenstern LB, Hemphill JC 3rd, Anderson C, Becker K, Broderick 
JP, Connolly ES Jr, et al. Guidelines for the management of sponta- 
neous intracerebral hemorrhage: a guideline for healthcare profes- 
sionals from the American Heart Association/American Stroke Asso- 
ciation. Stroke 2010;41:2108-2129. 

3 . Nakamura H, Arakawa K, Itakura H, Kitabatake A, Goto Y, Toyota T, 
et al. Primary prevention of cardiovascular disease with pravastatin in 
Japan (MEGA Study): a prospective randomised controlled trial. Lan- 
cet 2006;368:1155-1163. 

4. Biffi A, Greenberg SM. Cerebral amyloid angiopathy: a systematic 
review. J Clin Neurol 201 1 ;7: 1 -9. 

5. Thoonsen H, Richard E, Benfham P, Gray R, van Geloven N, De Haan 
RJ, et al. Aspirin in Alzheimer's disease: increased risk of intracere- 
bral hemorrhage: cause for concern? Stroke 2010;41:2690-2692. 

6. Coutts SB, Hill MD, Simon JE, Sohn CH, Scott JN, Demchuk AM; 
VISION Study Group. Silent ischemia in minor stroke and TIA pa- 
tients identified on MR imaging. Neurology 2005;65:513-517. 

7. Kimberly WT, Gilson A, Rost NS, Rosand J, Viswanathan A, Smith 
EE, et al. Silent ischemic infarcts are associated with hemorrhage bur- 
den in cerebral amyloid angiopathy. Neurology 2009;72: 1230-1235. 

8. Jia W, Zhou L. Use of antiplatelets. A survey of secondary prevention 
of ischemic stroke with intracranial hemorrhage history in Chinese pa- 
tients. Neurosciences (Riyadh) 2011;16:335-339. 



9. Weimar C, Benemann J, Terborg C, Walter U, Weber R, Diener HC; 
German Stroke Study Collaboration. Recurrent stroke after lobar and 
deep intracerebral hemorrhage: a hospital-based cohort study. Cerebro- 
vascDis 2011;32:283-288. 

10. Moonis M, Kane K, Schwiderski U, Sandage BW, Fisher M. HMG- 
CoA reductase inhibitors improve acute ischemic stroke outcome. Pi- 
rate 2005;36:1298-1300. 

1 1 . Elkind MS, Flint AC, Sciacca RR, Sacco RL. Lipid-lowering agent use 
at ischemic stroke onset is associated with decreased mortality. Neurol- 
ogy 2005;65:253-258. 

12. Bushnell CD, Griffin J, Newby LK, Goldstein LB, Mahaffey KW, 
Graffagnino CA, et al. Statin use and sex-specific stroke outcomes in 
patients with vascular disease. Stroke 2006;37: 1427-143 1 . 

13. Reeves MJ, Gargano JW, Luo Z, Mullard AJ, Jacobs BS, Majid A; 
Paul Coverdell National Acute Stroke Registry Michigan Prototype In- 
vestigators. Effect of pretreatment with statins on ischemic stroke out- 
comes. Stroke 2008;39:1779-1 785. 

1 4. Rocco A, Sykora M, Ringleb P, Diedler J. Impact of statin use and lipid 
profile on symptomatic intracerebral haemorrhage, outcome and mor- 
tality after intravenous thrombolysis in acute stroke. Cerebrovasc Dis 
2012;33:362-368. 

15. Goldstein LB, Amarenco P, Szarek M, Callahan A 3rd, Hennerici M, 
Sillesen H, et al. Hemorrhagic stroke in the Stroke Prevention by Ag- 
gressive Reduction in Cholesterol Levels study. Neurology 2008;70 
(24Pt2):2364-2370. 

1 6. FitzMaurice E, Wendell L, Snider R, Schwab K, Chanderraj R, Kin- 
necom C, et al. Effect of statins on intracerebral hemorrhage outcome 
and recurrence. Stroke 2008;39:2151-2154. 

1 7. Kawashima S, Yamashita T, Miwa Y, Ozaki M, Namiki M, Hirase T, et 
al. HMG-CoA reductase inhibitor has protective effects against stroke 
events in stroke-prone spontaneously hypertensive rats. Stroke 2003; 
34:157-163. 

18. Ortego M, Bustos C, Hernandez-Presa MA, Tunon J, Diaz C, Hernan- 
dez G, et al. Atorvastatin reduces NF-kappaB activation and chemo- 
kine expression in vascular smooth muscle cells and mononuclear cells. 
Atherosclerosis 1 999; 147:253-26 1 . 

19. Endres M, Laufs U, Huang Z, Nakamura T, Huang P, Moskowitz MA, 
et al. Stroke protection by 3-hydroxy-3-methylglutaryl (HMG)-CoA 
reductase inhibitors mediated by endothelial nitric oxide synthase. 
Proc Natl Acad Sci USA 1998;95:8880-8885. 

20. Kureishi Y, Luo Z, Shiojima I, Bialik A, Fulton D, Lefer DJ, et al. The 
HMG-CoA reductase inhibitor simvastatin activates the protein kinase 
Akt and promotes angiogenesis in normocholesterolemic animals. 
Nat Med 2000;6: 1 004- 1010. 

21. Ovbiagele B, Saver JL, Starkman S, Kim D, Ali LK, Jahan R, et al. 
Statin enhancement of collateralization in acute stroke. Neurology 
2007;68:2129-2131. 



www. thejcn. com 143 



